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Ultra-high-energy cosmic rays (UHECRs) are the highest energy messengers
in the Universe, with energies up to 10% eV. Studies of astrophysical particles
(nuclei, electrons, neutrinos, and photons) at their highest observed energies have
implications for fundamental physics as well as astrophysics. The primary particles
interact in the atmosphere (or in the lithosphere of the Earth) and generate extensive
air showers. Analysis of those showers enables one not only to estimate the energy,
direction, and most probable mass of the primary cosmic particles, but also to
obtain information about the properties of their hadronic interactions at energies
more than one order of magnitude above that accessible with the current highest
energy human-made accelerator. The Pierre Auger Observatory, located in the
province of Mendoza, Argentina, is the largest cosmic-ray experiment ever built. The
Observatory was designed as a hybrid detector covering an area of 3000 km? and
has been taking data for almost twenty years. In this paper, a selection of the latest
results is presented: the cosmic-ray energy spectrum, studies of hadronic physics,
searches for a directional anisotropy, and studies of mass composition (including the
photon and neutrino searches). Finally, the current upgrade (“AugerPrime”) of the
Observatory, which is mostly aimed at improving the sensitivity to the particle type
and mass of ultra-high-energy cosmic rays, is described.

Kocmuueckue ny4n yJabTPaBbICOKHX HEPIHH SBJISIOTCS CAMBIMH SHepreTHUeCKUMH
HOCHTeJIMM MH(boOpMalkK 0 BeenenHoit, ux sueprun pocturaior 10 3B. Usyuenue
acTpo(hM3UUEeCKUX YacTHL (s1ep, 3/1eKTPOHOB, HEATPHHO U (DOTOHOB) NpPHU HAUOOJb-
IIMX AOCTHraeMbIX HMH HEPTUsiX BaXKHO A/ (hyHIaMeHTa/JbHOH (PU3MKH, a TaKxke
actpo¢uauky. [lepBHYHEIE YaCTHIBl B3aUMOLEHCTBYIOT ¢ arMocdepoll (MM ¢ JHTO-
cepoit 3eMJsM) M TeHEPUPYIOT SKCTEHCHBHblE BO3AYIIHBIE JIMBHHM YacTHL. AHaju3
3THUX JIMBHEH MO3BOJISIET He TOJNbKO OLEHHMBATb JHEPTHI0, HaMpaBsJjeHHe U Haubosee
BEpPOSITHOE 3HAYeHHe MacChl MEePBHYHBIX KOCMMYECKHX 4YaCTHL, HO M I0Jy4aTb HH-
(opmaLuo 0 CBOHCTBAX aJPOHHBIX B3aHMMOJIEHCTBUH NPHU IHEPTHUsX, NPEBBIIIAIOLINX
6oJiee 4eM Ha MOPSIAOK MaKCHMaJibHble 3HAYEHHS SHEPTHH, JOCTUTHYTHIX B CO3LAHHBIX
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yesioBeKOM yckopuressax. O6cepBatopus [Ibepa Oxxe, pacrosiorkeHHast B TIPOBHHLIUH
Menpoca (ApreHTtHHa), fiBJsieTcsi caMOM GOJBIIOH 3KCIePUMEHTalbHOH YCTaHOBKOH,
npefHAa3HAYeHHOH [J1s1 PerUCTPALlMK U U3y4deHHs] KocMHU4eckux Jyded. O6cepBaropus
npefcTaBAseT CO60i rMOPUIHbIH AeTeKkTop miomanbio 3000 kM2, CGop naHHBIX B Heil
BeJIeTCsT Ha MPOTS2KEHHUH y2Ke MOUTH ABaALATH JeT. [IpencTaBiensl mocaenHNe pe3yiib-
TaTbl 110 SHEPreTHYECKHUM CIIeKTPaM KOCMHYECKHX JydeH, UCCIeN0BAHUSIM B 00J1aCTH
(PM3UKH aPOHOB, MOMCKY AHHW3OTPOIHH IO HAMPAaBJEHHIO B MPOCTPAHCTBE U H3ydYe-
HHMIO MaCCOBOTO COCTaBa (BKJ/Ouasi HCCJeNOBaHHs MO (OTOHAM M HeHTpHHO). Takxke
OTHCBIBAETCS CTATYC TeKYIIMX paboT 1o o6HoBieHHI0 («AugerPrime») o6cepBaropuy,
I[eJIBI0 KOTOPOTO SIBJISIETCS, TIPeKIe BCEero, yJaydlleHHe 9yBCTBUTENbHOCTH YCTAHOBKH
K ONpe/ie/IeHUI0 THIIA U MacChl YaCTHL, PErHCTPUPYEMbIX IPH aHA/IM3e KOCMHUYECKHX
Jlydell y/JbTPaBbICOKUX SHEPrui.

PACS: 98.70.Sa; 95.85.Ry



